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(57) Abstract 



A CMOS optical or symbol reader chip (100) comprises a CMOS imaging array (102) having a plurality of pixels each with a 
dedicated pixel-site circuit. Charge is accumulated at each pixel location transferred upon demand to a common bus. The exposure time 
of the imaging array is- controlled using a feedback loop. One or more exposure control pixels are positioned adjacent to or within the 
imaging array and receive light along with the imaging array. CMOS signal processing circuitry is employed which, in combination with 
the exposure control circuitry (450). minimizes time-to-read over a large range of light levels, while performing spatially optimal filtering. 
Clocking cycles (122) and control signals are time-adjusted in accordance with the varying output frequency of the imaging array so as to 
provide invariant frequency response by the signal processing circuitry (109). 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 


CN 


Guinea 


NE ' 


Niger 


BB 


Barbados 


CR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BF 


Burkina Faso 


IE 


Ireland 


N2 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


Bj 


Benin 


JP 


Japan 


PT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KC 


Kyrgysian 


RU 


Russian Federation 


CA 


Canada 


KP 


. Democratic People's Republic • 


SD 


Sudan 


CF 


Central African Republic 




. of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


C6te d'lvoire 


LI 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN . 


Senegal 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


CS 


Czechoslovakia 


LT 


Lithuania 


. TD 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TC 


Togo 


DE 


Germany 


LV 


Latvia 


T J 


Tajikistan 


OK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain , 


MG 


Madagascar 


UG 


Uganda 


n 


Finland 


ML 


Mali 


us 


United States of America 


FR 


- France 


MN ■ 


Mongolia 


UZ 


Uzbekistan 


CA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



WO 97/08647 



PCT/US96/13659 



SPECIFICATION 

TITLE OF THE INVENTION 

OPTICAL READER WITH CONDENSED CMOS CIRCUITRY 

Related Application Data 

This application is a continuing application of U.S. 
Provisional Application Serial No.. 60/003,256 filed on August 
25, 1995, hereby incorporated by reference as if set forth 
fully herein. 

BACKGROUND OF THE INVENTION 

1) Field of the Invention 

The field of . the present invention relates to reading 
symbols such as bar codes, and more particularly to a bar code 
or symbol reader having integrated optical and signal 
processing circuitry. 

2 ) Background 

Currently available bar code readers typically have from' 
ten to fifty integrated circuits, as well as several dozen 
mechanical and optical parts. The market demands, however,. . 
are for dramatically decreased cost and size of bar code 
readers, without sacrificing reliability or performance. A 
reduction in the number of parts used in bar code readers 
would help meet these demands. , * .' 

Previous attempts to reduce, through various levels of 
integration, the number of parts in visible laser-based 
scanners have been fraught with difficulties. Visible laser 
diodes, which are typically made using AlGalnP material, . 
cannot be directly integrated on a silicon substrate, which is 
where at least some part of the electronic or signal 
processing circuitry is likely to be resident. Hybrid . 
approaches, whereby the laser diode is mounted to a thermally- 
conductive pad which in turn is mounted on a silicon 
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substrate, have been demonstrated by Sony Corporation (for 
example, in their laser coupler used in compact disc 
products). In this type. of construction, the performance of 
the electronic circuitry on the silicon substrate suffers 
because of the large thermal gradient across the die. 
Performance is also adversely affected by photo-recombination 
from stray laser light, causing an increase in noise levels. 
Moreover, reliability is also relatively poor, as with many . 
laser-based scanner products, because of huge power density at 
the laser junction. 

Some bar code readers use charge -coupled devices (CCDs) 
as a substitute for a laser diode. Integration of circuit 
components in these systems, however, is also difficult, 
primarily because CCD chips typically require highly- 
specialized metal-oxide semi-conductor (MOS) processes which 
are poorly suited for fabrication of other types of circuitry. 
For example, fabrication of high-transconductance field-effect 
transistors (FETs) , generally needed in the construction of an 
operational amplifier, is not practical using the same MOS 
processes required of most CCD chips. Further, fabrication 
costs for this specialized process, per unit of silicon area, 
are considerably higher than those for conventional bipolar 
and CMOS processes, largely because very high silicon purity 
is needed to achieve reasonable charge transfer efficiency. 
Thus, integration of circuitry in a CCD-based bar code reader 
is difficult and, even if possible, would be relatively costly 
from a manufacturing standpoint. 

The present inventors have therefore determined that it 
would be advantageous to provide a bar code or symbol reader 
having circuitry that is relatively easy to integrate, yet not 
prohibitively expensive to manufacture. It would further- be 
advantageous to provide a bar code reader having a reduced 
number of parts, and, in addition, to provide a reduced-size 
bar code reader incorporating integrated optical and signal 
processing circuitry. 
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SUMMARY OF THE INVENTION 

The present invention provides in one aspect an optical 
reader including integrated CMOS circuitry. A CMOS imaging 
array receives light at a multiplicity of pixel locations and 
converts the resulting charge to voltage locally at each pixel 
site. The charge is transferred upon demand directly to a 
common metal bus. The CMOS imaging array may be integrated 
with other CMOS circuitry in the optical reader. 

In another aspect of the present invention, exposure time 
of the imaging array is controlled using a feedback loop. One 
or more exposure control pixels are positioned adjacent to or. 
within the imaging array and receive light along with the 
imaging array. The charge of the exposure control pixel or 
pixels is measured against a threshold level, and the amount 
of time taken to reach the threshold level determines the time 
exposure of the pixels of the imaging array. Both the 
exposure control pixel or pixels and the control loop, can be 
fabricated using the same CMOS process, and located on the 
same substrate as the imaging array. The exposure time may be 
optimally or near optimally set before the user enables the 
bar code reader, reducing the amount of time needed to read a 
symbol or code (e.g., a bar code label). 

In another aspect of the invention, CMOS signal 
processing circuitry is employed which, in combination with 
the exposure control circuitry, minimizes time-to-read over a 
large range of light levels, while performing spatially 
optimal filtering. Clocking cycles and control signals are 
time-adjusted in accordance with the varying output frequency 
; of the imaging array so as to provide invariant spatial 
frequency response by the signal processing circuitry. These 
signal processing schemes may be efficiently realized in CMOS. 

. In another aspect of the invention, a multi -dimensional 
imaging array is provided having simultaneous pixel exposure 
with non-destructive readout of the pixel contents. The 
multi-dimensional imaging array may comprise a two-dimensional 
pattern, such as a grid or other combination of linear imaging 
arrays, with certain selected pixels being utilized in more 
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than one linear imaging array. The non-destructive readout 
capability allows the same pixels to be read out multiple 
times, once for each linear imaging array of which the pixel 
is a member. 

Further variations and modifications to the above are 
also described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram of a preferred optical reader. 
Figs. 2 through 5 are diagrams of various alternative 

CMOS imaging array patterns. 

Figs. 6 and 7 are diagrams of a preferred pixel-site 

circuit forming part of an active-pixel CMOS array, and Fig. 8 

is a diagram of an alternative embodiment of a pixel -site 

circuit . 

Fig. 9 is a timing diagram associated with the circuit of 
Figs. 6 and 7. 

Figs, 10 and 11 are timing diagrams illustrating the 
operation of a preferred optical reader including adaptive : 
exposure circuitry in low level light and high level light, 
respectively. 

Fig. 12 is a timing diagram illustrating operation of an. 
alternative embodiment of an optical reader including adaptive 
exposure circuitry. 

Figs . 13 and 14 are diagrams of a CCD cell in accordance 
with a preferred embodiment of the invention having non- 
destructive read-out and simultaneous exposure of the CCD cells 

Fig. 15 is a diagram of a single-pixel controlled 
adaptive exposure circuit. 

Fig. 16 is a block diagram of an imaging array and 
associated address circuitry according to one embodiment of 
the present invention. 

Fig. 17 is a block diagram of an adaptive .exposure, 
control loop. 

Fig. 18 is a timing diagram illustrating one means for 
providing an adjustable exposure time period. 
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Fig. 19 is a block diagram illustrating an alternative 
embodiment of an adaptive exposure control circuit. 

Fig. 20 is a diagram of an optical reader including, a 
lens and condensed CMOS circuitry. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Figure Lis a block diagram of an optical reader having a 
preferred single-chip optical reader architecture. Each of 
the components shown in Fig. 1 is preferably integrated on the 
same chip using the same CMOS process and sharing share the 
same silicon substrate. However, in some embodiments fewer . 
than all of the components shown in Fig. l may be integrated 
in such a manner, or other additional components . may also be. 
integrated onto the same chip. 

In Fig. 1 is shown a optical reader chip 100 comprising 
an imaging array 102 connected to a gain/offset block 103 and 
to a shutter time controller 121. The gain/offset block 103 
may apply a constant gain and offset for all pixels, or may 
provide unique gain and/or offset for each pixel to compensate 
for pixel-to-pixel non-uniformities. The gain/offset block 
103. outputs a video signal 112 that is optionally connected to 
an analog-to-digital (A/D) converter 105 for conversion from 
analog to digital format. The video signal, whether in analog 
form or digitized by A/D converter 105, is then passed to a 
low pass filter 106. The low pass filter 106 is connected to 
an edge detector 107, which outputs a BAR signal 113. The BAR 
signal 113 is also connected to an optional on-chip symbol 
decoder 109, which outputs a character data signal 114 and a. 
character clock signal 115. 

Also shown in Fig. 1 is a pixel clock signal 124 
connected to an address generator/decode logic block 123 and 
to a clock generator 122. The pixel clock signal is 
optionally connected to the A/D converter 105 (if included), 
the low pass filter 106 (if digital), the edge detector 107 
(if digital) , and the symbology decoder 109 (if included .on- 
chip) . The address generator/decode logic block 123 is' 
connected to the imaging array 102 and receives an input from 
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the clock generator 122. The shutter time controller 121 is 
also connected to the clock generator 122 . 

In operation, the imaging array 102 receives light that 
is preferably gathered and focused by an imaging system (not 
shown) which may comprise one or more lenses and other 
conventional imaging components, and in particular may 
comprise a multi-focus lens and slitted aperture or other 
features described in copending U.S. Application Serial No. 
08/363,258 filed on December 23, 1994, or in U.S. Application 
Serial No. 08/576,203 filed on December 21, 1995, both of 
which are hereby incorporated by reference as if .set forth 
fully herein. 

The imaging array 102 comprises a plurality of photo- 
sensitive pixels, and outputs a signal indicative of a level 
of received light at each selected pixel location. When a 
pixel receives light, a charge builds up at the pixel 
location. When the charge is read out onto an output bus, as 
explained hereafter, a voltage, proportional to the number of 
electrons collected, appears on the output bus. 

In a preferred embodiment, each pixel is individually 
accessible by a select signal applied to the imaging array 
.102. In Fig. 1, a select signal 125 for this purpose is 
applied to the imaging array 102 from the address 
generator/decode logic block 123, The select signal 125 
comprises an address location corresponding to a selected . 
pixel of the imaging array 102. In a preferred embodiment, 
the address generator/decode logic block 123 generates pixel 
addresses in a sequential fashion such that pixels of imaging 
array 102 are selected and read out sequentially under control 
of select signal 125. Alternatively, pixels may be selected 
other than sequentially, and some pixels may be read out more 
than once, as described with respect to various embodiments 
detailed further herein. 

Figures 6 and 7 show in more detail a preferred pixel - 
site circuit 150 forming part of an active-pixel CMOS imaging 
array, as may be used for imaging array 102. Figure 7 depicts 
a circuit schematic of the pixel site circuit 150, while Fig. 
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6 depicts a schematic of the pixel site circuit including 
representation the charge stored in MOSFET Ql using a 
potential graph 159. 

The pixel-site circuit 150 of Figs. 6 and 7 comprises a 
source follower metal-oxide silicon field-effect transistor 
(MOSFET) Ql which converts charge to voltage and provides a 
low impedance output at the pixel location. In operation/ 
valence electrons are excited into the conduction band by 
photons, impinging upon an extended photogate region 157 of the 
source follower MOSFET Ql . These free electrons are stored in 
a potential well, which is bounded during the collection 
period by holding reset line 151 at a low potential . . When the 
collection period is complete, a select line 152 is asserted, 
turning output select MOSFET Q2 on and biasing source follower 
MOSFET Ql in its active region. A voltage, proportional to 
the number of electrons collected, then appears on the output 
bus 153. Increasing the voltage of reset line 151 
sufficiently activates MOSFET Q3 thereby opening up the. 
potential well and allowing the photo-generated electrons to 
drain to the supply voltage node VDD 154, clearing the stored charg 

If its inactive potential is appropriately chosen, the 
reset gate 156 shown in Fig. 6 (i.e., the gate of Q3 shown in 
Fig. 7) may function as an overflow mechanism when the number 
of electrons exceeds the capacity of the potential well. This 
helps prevent so-called "blooming" . caused by overflow of 
electrons from one pixel spilling into adjacent pixels. 

In an alternative embodiment, current is generated using 
a conventional P-N or P-I-N photodiode (i.e., a diode having 
an undoped silicon region sandwiched between P-doped and N- . 
doped regions), the current being integrated . over the exposure, 
time and stored on the gate capacitance of a MOSFET. This . . 

alternative embodiment is illustrated in Fig. 8. The 
operation of the Fig. 8 circuit is analogous to that of Fig. 
7, except for the addition of a photo-sensitive diode 149, and 
the use of a MOSFET Ql' that has an ordinary gate instead of a 
photogate. In operation, the photo-sensitive diode 149 
generates a current in response to light incident upon the . 
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photo-diode 149, and builds up a charge at the gate of the 
MOSFET Ql'. The voltage level associated with the stored 
charge can be read out by assertion of select signal 152 ' , and 
the stored charge can be dumped by assertion of reset signal 
151' . 

Imaging array 102 preferably comprises a plurality of. 
pixels each having a pixel -site circuit 150 such as' shown in 
Figs. 6 and 7. A block diagram of an exemplary imaging array 
along with associated selection circuitry is shown in Fig. 16. 
The Fig. 16 imaging array 400 comprises a plurality of pixels 
401a-n, comprising a plurality of photo-sensitive detectors 
402a-n, one for each pixel 401a-n.' Each of the plurality of 
photo-sensitive detectors 402a-n is connected to a pixel-site 
circuit 4 03a-n (each of which comprises, for example, a pixel - 
site circuit such as shown in Figs. 6 and 7) . Figure 16 also 
shows a plurality of select signals 405a-n and reset signals 
406a-n, one for each pixel 401a-n. 

Each pixel-site circuit 403a-n is connected to a common 
output bus 408. An address select signal 410 is input to the 
imaging array and selection circuitry, and is connected to an 
address decoder 411, A master select signal 412 and master 
reset signal 413 are also provided to address decoder 411. 
The address decoder 411 decodes the address select signal 410 
and, based on its inputs, asserts one of select signals 405a-n 
and/or one of reset signals 406a-n at a time, thereby 
activating the corresponding one of pixel-site circuits 403a- 
n. If its select signal 405 is active, then the selected 
pi'xel-site circuit 403 transfers its accumulated charge to the • 
common output bus 408. If its reset signal 406 is active, . 
then the selected pixel-site circuit .403 dumps its charge and 
clears its photo-detector 402. Using the address select 
signal 410, pixels 401a-n may be accessed sequentially or. 
randomly, so that the contents of all or a selected number of 
the pixels 401a-n may be read out. 

In an alternative embodiment, a serial shift register may 
be used in. place of address decoder 411. An initial pulse 
provided to the serial shift register ripples from stage, to 
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stage of the serial shift register. Each stage of the serial 
register is tapped, and the output of each stage is connected 
to an individual pixel as the control signal for that pixel. 
The control signal can be gated with clock signals in various 
fashions that will be apparent to one skilled in the art to 
generate the pulses needed for the reset and select signal . 
An advantage of the alternative embodiment using a serial 
shift register is its potential savings of required silicon 
area over a decoder embodiment . 

Figure 9 is a timing diagram associated with the Fig. 16 
imaging array and selection circuitry. The Fig. 9 diagram 
shows relative timing for two adjacent pixels 4 01 of the Fig. 
16 imaging array 4 00, but can be extrapolated to cover an 
arbitrary number N of pixels 401. 

As noted, each pixel is provided with its own select line 
405a-n and reset line 406a-n. Figure 9 shows the timing of a 
select signal 161 and reset signal 160 for a first pixel 401. 
on the same graph as a select signal 164 and reset signal 163 
for a second pixel 401. Figure 9 also depicts the gate . 
voltage signal 162 corresponding to the voltage stored by the 
photogate 157 (see Figs . 6 and 7) of the pixel-site circuit 
403. for the first pixel 401, and the output bus voltage signal 
165. showing changes in the voltage level of the output bus 408 
(or output bus 153 in Figs. 6 and 7) . 

* When the first pixel 401 is selected by select signal 161 
going high, the output of the first pixel 4 01 is sampled on 
the output bus 408. Thus, at the same point 170 where select 
signal 161 goes high, the output bus voltage signal 165 takes 
on the level of the voltage of gate voltage signal 162. This 
information may be passed along from the output bus 408 to 
another system component, such as gain/offset block 103 shown 
in Fig. 1. After the output of the first pixel 4 01 is read 
out, the reset signal 160 is activated, causing the first 
pixel 401 to dump its charge. Thus, at point 171, the voltage 
level shown for the gate voltage signal 162 is shown being 
reset to the supply voltage . During the reset signal active 
period between points 171 and 172, the dark level of the pixel 
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401 is sampled over the output bus 4 08, as reflected in output 
bus voltage signal 165, which information may likewise be 
passed along from the output bus 408 to another system • 
component making use of the information. 

The gate voltage signal 162 is clamped for as long as the 
reset signal 160 is held high. After the reset signal .160 
goes low, the photo-detector associated with the first pixel 
401 begins to integrating charge once again for the next read, 
as illustrated by the gradually downward sloping 
characteristic of the graph of the gate voltage signal 162. 

The select signal 161 and reset signal 160 for the first 
pixel 401 are switched to low at substantially the same time. 
When those signals switch states at point 172/ the select 
signal 164 for the next pixel 401 is activated. The output of 
the second pixel 401 is then sampled on the output bus 408, as 
reflected by the output bus voltage signal 165 shown in Fig. 
9. After a sufficient reading time, the reset signal 163 for 
the second pixel 403 is activated, causing the second pixel ' 
401 to dump its charge at point 173. When the charge has been 
dumped, the select signal 164 and reset signal 163 for the 
second pixel 401 switch states and, if desired, more pixels * 
can be read. 

The result of the timing pattern illustrated in Fig. 9 is 
to yield a signal voltage level 182a-n and a reset voltage 
level 183a-n for each pixel 401a-n, assuming. all of the pixels . 
401a-n are read. The signal voltage level 182a-n is adjacent 
to the reset voltage level 183a-n for each pixel 401a-n. At 
the output of the imaging array 400, the signal voltage level 
182 may be subtracted from the reset voltage level 183 for 
each pixel 401, so as to reduce variations in threshold 
voltage of the source follower MOSFET Ql used in the pixel- . 
site circuit 402, potentially the largest contributor to fixed 
pattern noise. The subtraction circuitry (not shown) suitable 
for such a purpose is considered within the purview of one 
skilled in the art, and may be incorporated as part of the 
imaging array 102 circuitry and in any event is preferably 
resident on the single-chip optical reader 100 (see Fig. 1). 
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Figures 2 through 5 depict . various alternative CMOS 
imaging array patterns. Figure 2 depicts a CMOS imaging array 
130 having a single-line pattern 131 of pixels. The Fig. 2 
imaging array 130 generally provides a lower performance in 
terms of initial read success rate, but is advantageous in 
terms of lower cost and its requirement of only a minimal 
amount of silicon area. Thus, the Fig. 2 imaging array 
pattern may be particularly suitable for a low-cost handheld 
optical reader. 

The alternative embodiments of Figs. 3, 4 and 5 offer 
more reading area coverage and hence a shorter reading time on 
average. Figure 3 depicts a CMOS imaging array 135 having an 
asterisk pattern 136 of pixels. Figure 4 depicts a CMOS 
imaging array 13 9 having a grid pattern 140 of pixels. Figure 
5 depicts a CMOS imaging array 144 having a combined grid and 
asterisk pattern 145 of pixels. Patterns of pixels can also 
be electrically configured to suit the needs of each 
particular user, trading pattern density for pattern 
repetition rate, , by disabling lines or portions of lines. The 
more lines (or portion of lines) to be read, the greater the 
coverage, but the fewer times a complete read can be 
accomplished in a given time period. . 

Conventional two-dimensional CMOS sensors have been 
fabricated for generic video-capture and machine vision 
applications, and are described, for example, in the following 
publications, each of which is incorporated herein by 
reference as if set forth fully herein: F. Andoh, et al . , "A 
250,000-pixel Image Sensor with FET Amplification at Each 
Pixel for High-Speed Television Cameras", printed in 
transcripts of 1990 IEEE International Solid-State Circuits 
Conference (Digest of Technical Papers), pp. 212 -213 ; : P . B . 
Denyer, et al , , "CMOS Image Sensors for Multimedia 
Applications", Proceedings of the IEEE Custom Integrated 
Circuits Conference (1993), pp. 11.5.1 to 11.5.4; E. Fossum, 
"Active Pixel Sensors Challenge CCDs", Laser- Focus World (June 
1993), pp. 83-85/ S.K. Mendis, et al". , "Low-Light -Level Image 
Sensor with On-Chip Signal Processing", Proceedings of the 
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SPIE, vol. 1952, Aerospace Science and Sensing -- Surveillance 
Sensors (1993), pp. 1-11; and 0. Vellacott, "CMOS in Camera", 
IEEE Review (May 1994), pp. 111-114. 

In conventional two-dimensional CMOS sensors, charge is 
converted to voltage locally at the pixel site and transferred 
upon demand via a metal bus. In contrast, a CCD sensor 
typically requires that charge be transferred pixel-to-pixel 
across the CCD array, and not converted to voltage until it 
reaches the output amplifier. Because the need for charge 
transfer over long distance, as done with a CCD array, is 
alleviated by using a CMOS sensor with local pixel-site 
charge-to-voltage conversion, process requirements for 
fabrication of the imaging array 102 may be substantially 
relaxed over the processing requirements of a CCD array. 
Relaxed processing requirements lead to more economical 
manufacture of integrated chips. 

The imaging array 102 of Fig. 1, embodied as, for 
example, any of the imaging arrays shown in Figs. 2 through 5, 
outputs a signal indicative of a level of received light at 
each selected pixel location. As depicted in Fig. 1, the 
imaging array 102 is preferably connected to the gain/offset 
block 103, which amplifies or otherwise conditions the signal 
output from imaging array 102 and outputs video signal 112. 
Video signal 112 is low pass filtered by low pass filter 106 
and then sent to the edge detector 107. Edge detector 107 
detects, in any of a variety of manners well known in the art 
(such as described, for example, in U.S. Patent No. 5,453,211, 
incorporated -herein by reference as if fully set forth 
herein), transitions in the video signal 112 corresponding to 
transitions between lighter and darker portions of the symbol 
read. The edge detector 107 outputs bar signal 113 which, 
contains the edge detection information. 

The video signal .112 output from gain/offset block 103 . 
may, as previously noted, optionally be converted to a digital 
form by optional A/D converter 105 (shown in dotted lines in 
Fig. 1) . If A/D converter 105 is used, then the low pass 
filter 106 may comprise a digital filter such as an infinite 
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impulse response (IIR) filter or finite impulse response (FIR) 
filter. 

Bar signal 113 output from edge detector 107 is provided 
to a symbology decoder 109, which identifies the symbology of 
the symbol read in any of a variety of manners well known in 
the art, and outputs character data signal 114 and character 
clock signal 115. The symbology decoder 109 is optionally 
resident on the same chip as the other circuitry depicted in 
Fig. 1, and is therefore shown in dotted lines. 

In another aspect of the present invention, exposure time 
control circuitry is provided on-chip so as to adaptively. 
adjust the amount. of time the pixels of the imaging array 102 
collect light, and to optimize reading time. A single pixel, 
adjacent to or resident in the imaging array 102, or multiple 
pixels scattered about the imaging array 102 can be used to 
provide continuous feedback of the received light level to an 
exposure time control loop. 

Figure 15 is a diagram of an exemplary light exposure 
measurement circuit 350 comprising a single photo-detector . 
352. The Fig. 15 photo-detector 352 comprises, in this 
example, a photo-electric diode 353 connected in parallel as 
shown with a capacitor 354. However, any suitable photo- 
detector architecture will suffice. The photo-sensitivity of 
the photo-detector 3 52 is preferably approximately the same as 
that of the pixels of the imaging array 102. If, for example, 
the photo-detector 3 52 is constructed in a similar fashion to 
the photo-sensitive elements of the imaging array 102, then 
the photo-detector 352 and the photo-sensitive elements of the 
imaging array 102 should preferably be of approximately the . 
same size, so that the single photo-detector 352 will be an 
accurate gauge of how much light has been received and 
absorbed by the imaging array 102. 

The photo-detector 352 is used to measure light exposure 
of the imaging array 102. During a read operation, the photo- 
detector 352 collects charge in its potential well until the - 
voltage produced by this charge exceeds the voltage level of a 
threshold signal 361. The photo-detector voltage on line . 355 
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is compared against threshold signal 361 using a comparator 
360. When the voltage level of threshold signal 361 is 
exceeded, comparator 360 changes state causing its output 
shutter signal 362 to change state, ending the exposure for 
all pixels of the imaging array 102 . Before the next exposure 
period, a clear signal 365 is asserted, draining the 
accumulated charge from the photo-detector 352 (i.e., from 
capacitor 3 54) . 

Using an exposure control loop responsive to the shutter 
signal 362, the amount of time that the pixels in the imaging 
array 102 are exposed to incoming light is proportional to the 
time it takes for photo-detector 352 (the exposure control 
pixel) to charge to the threshold voltage of threshold signal 
3 61. The threshold voltage of threshold signal 3 61 can be 
varied to change the relative strength of the signal level 
output from the imaging array 102. 

Two alternative system timing arrangements are disclosed 
for the adaptive exposure control loop. The first timing 
arrangement is illustrated in Figs. 10 and 11, and the second 
timing arrangement is illustrated in Fig. 12. 

The timing arrangement of Figs. 10 and 11 involves 
varying the frequency of all appropriate clocks and control 
signals simultaneously in response to changes in light level 
as detected by the light exposure measurement circuitry (such 
as. that of Fig. 15). The exposure interval is defined for the 
purposes of Figs. 10, 11 and 12 as the time between the 
falling edge of the reset signal and the next assertion of the 
reset signal for a given pixel. For example, in Fig. 9, the 
exposure interval for the first pixel starts at point 172, the 
falling edge of reset signal 160, and ends at point 179 with 
the next assertion of. reset signal 160. 

. The exposure interval increases as the measured light 
level decreases, and decreases as the measured light level 
increases, as measured by the light exposure measurement 
circuitry. Figure 10 depicts a situation where, the system is 
operating in a relatively low light level. The signals 190, 
191, 192 and 193 in Fig.. 10 are analogous to signals 160, 161, 
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163 and 164, respectively, depicted in Fig. 9. The exposure 
time period 217 of the first pixel is the time period starting 
from point 203, the falling edge of reset signal 190, and 
ending at point 212 with the next assertion of reset signal 

190. Similarly, the exposure time period 218 of the second 
pixel is the time period starting from point 205, the falling 
edge of reset signal 192, and ending at point 214 with the 
next assertion of reset signal 192. As compared against Fig.. 
11, the exposure time periods 217 and 218 are quite long, and 
the frequency of transitions on the output bus, as reflected 
by output bus signal 194, is fairly low. 

Figure 11, in contrast, depicts a situation where the 
system is operating in a relatively high light level. The 
signals 220, 221, 222, and 223 are analogous to signals 190, 

191, 192 and 193, respectively, depicted in Fig. 10, and to 
signals 160, 161, 163 and 164, respectively,, depicted in Fig. 
9. Similar to Fig. 10, the exposure time period 24 5 of the 

.first pixel is the time period starting from point 232, the 
falling edge of reset signal 220, and ending at point 239 with 
the next assertion of reset signal. 220. Similarly, the 
exposure time period 24 6 of the second pixel is the time 
period starting from point 234, the falling edge of reset 
signal 222, and ending at point 241 with the next assertion of. 
reset signal 222. As compared against Fig. 10, the exposure 
time periods 245, 246 are relatively short, and the frequency 
of transitions on the output bus, as reflected by output bus, 
signal 194, is fairly high. 

The second alternative system timing arrangement is 
■illustrated in Fig. 12. In the Fig. 12 timing arrangement, 
the data clock frequency is kept constant, and instead the 
duty cycle of the reset signal for each pixel is varied, 
thereby changing the exposure time; in response to changes in'... 
the received light level. As shown in Fig. 12, a select 
signal 251 for a first pixel (such as a pixel 403 shown in 
Fig. 16) is asserted at point. 255 in order to read out the 
contents of the first pixel. After the first pixel is read, a 
reset signal 250 for the first pixel . is asserted at point 256 
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to clear the first pixel. After a period of time sufficient 
to clear the first pixel, the select signal 251 is de- 
asserted, and a select signal 253 for a second pixel is 
asserted at point 257. 

Unlike the timing arrangement of Fig. 9, when the select 
signal 251 is de-asserted, the reset signal 250 is not 
necessarily de-asserted at the same time. Rather, the reset . 
signal 250 is maintained in an active state for a variable 
amount of time thereafter, as determined by the received light, 
level. The less light as detected by the light exposure 
measurement circuitry, the sooner the reset signal 250 is de- 
asserted. - Conversely, the more light as detected by the light 
exposure measurement circuitry, the later the reset signal 250 
is deasserted. 

Figure 12 illustrates that the timing of the falling edge 
of the reset signal 250 may vary. Although an exemplary range 
2S5 within which the falling edge of the reset signal 25 0 may 
lie is depicted in. Fig. 12, this range 265 is for purposes of 
illustration only, and the actual range may vary depending 
upon a variety of factors (such as, for example, the relative 
maximum and minimum amounts of light received by the optical 
reader). An exposure time period 250 for the first pixel is 
determined by the falling edge of the reset signal 250 at 
point 261 until the next assertion of the reset signal 250 at ' 
point 271 thereafter. The exposure time period for other 
pixels is determined in a similar manner. 

The exposure time period 260 is preferably the same for 
each pixel for a given reading cycle (i.e., for a single - " 
readout of all the pixels) . The timing of falling edge of the 
reset signal 250 (as well as the reset signals for each of the 
other pixels) is controlled by the light exposure measurement 
circuitry. An exposure control loop responsive to the light 
exposure measurement circuitry provides a variable delay 
period following each select signal (e.g., select signal 251), 
after which the reset signal (e.g., reset signal 250) falls. 
The variable delay period results in a variable duty cycle of 
each reset signal, which thereby changes the exposure time, in - : 
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response to changes in light level. In operation, as 
described by way of example for a first, pixel/ the select 
signal 251 is activated just before the reset signal. If the 
reset signal 250 is high for .a relatively large portion of the 
period, between pulses in select signal 251, then the exposure ' 
time period for the pixel will be relatively short. If, on 
the other hand, the reset signal 250 is high for a relatively 
small portion of the period between pulses in select signal 
251, then the exposure time period for the pixel will be 
relatively long. 

Figure 17 is a diagram illustrating one example of an 
exposure time control circuit 450 in accordance with one 
embodiment of the present invention. Figure 18 is a timing 
diagram illustrating various waveforms associated with the 
Fig. 17 exposure time control circuit 450 and its affect on 
the pixel exposure timing of the imaging array (such as 
imaging array 102' in Fig. 1) . The exposure time control 
circuit 450 of Fig. 17 comprises a light exposure measurement 
circuit 451 (such as light exposure measurement circuit 350 
shown in Fig. 15), an exposure delay period calculator 455, a. 
clock generator 456, and a controller 453. The clock * 
generator 456 is also connected to the imaging array (not 
shown) by way of clock signals 465. 

In operation, the controller 453 starts an exposure 
period of the light exposure measurement circuit 451 by 
activating a start exposure signal 458. Activation of the 
start exposure signal 458 also causes the exposure delay 
period calculator 455 to begin calculating the length of time 
it takes the light exposure measurement circuitry 451 to 
charge to a threshold voltage level, as described previously, 
for example, with respect to Fig. 15. The exposure delay 
period calculator 455 is connected to the clock generator 456. 
which outputs a system clock signal 4 63 to a variety of 
different -destinations, including the exposure delay period 
calculator 455. The exposure delay period calculator 455 may 
be embodied as, for example, a digital counter which counts 
the number of clock period of the system clock signal 463 



WO 97/08647 



18 



PCT/US96/13659 



until the light exposure measurement circuit 453 is finished 
charging to the threshold voltage level. When that occurs, 
the light exposure measurement circuit 451 activates an end 
exposure signal 459 (similar, for example, to shutter signal 
362 shown in Fig. 15) , which causes the exposure delay period 
calculator 455 to stop counting clock cycles. 

The number of clock cycles counted by the exposure delay 
period calculator 455 may be transferred to clock generator 
456 using exposure delay period signal 464 (comprising, e.g./ 
a set of digital lines each representing one bit) . The clock" 
generator 456 controls the readout period of each pixel of the 
imaging array... To adjust the length of exposure time of the 
pixels, the clock generator 456 adds the number of clock 
cycles calculated by the exposure delay period calculator 455 
to each reset signal to maintain the reset signal for each 
pixel high for that additional time period. 

Figure 18 illustrates a timing diagram according to. the 
Fig. 17 embodiment. Figure 18 shows a series of fixed readout, 
periods 480a, 480b, 480c,... during which pixel contents are 
read out. Exposure signal 290 shows the starting and stopping 
point of exposure time for the light exposure measurement 
circuit 4 51. Thus, for example, the controller 4 53 commences 
the exposure time of the light exposure measurement circuit 
451 by activating the start exposure signal at point 481. The. 
light exposure measurement circuit 451 activates the end 
exposure signal 459, indicating that the threshold voltage 
level has been reached, at point 482. Likewise, the 
controller 453 commences the exposure time of the light 
exposure measurement circuit 451 at additional points 483, 
485, 487, and 489, and the light exposure measurement circuit 
451 activates the end exposure signal 459 at additional points 
484, 486, and -488 . 

The time between the end exposure point and the 
immediately following start exposure point comprises an 
exposure delay period denoted delay-1 490a, delay-2 490b, 
delay-3 490c, and so on in Fig. 18. The exposure delay period 
490a serves as an amount of extension time for each pixel. 
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reset signal in the immediately following readout period. 
Thus, as shown in Fig. 18, reset signal 491 associated with a 
first pixel is asserted at point 493, during the active period 
of select signal 492 associated with the same first pixel, and 
is held high even after select signal 492 falls. The reset 
signal 491 is held high beyond the falling edge of the select 
signal 492 at point 502 for the duration of the exposure delay 
period 490a calculated by the exposure delay period calculator 
455. Although the reset signal for each individual pixel is 
offset from' the previous pixel's reset signal, each reset 
signal is held high for same exposure delay period 490a 
following the falling edge of the select signal associated 
with that pixel . - 

The effect of the Fig. 17-18 circuitry and timing is to 
provide an adaptive exposure time for the pixels of the 
imaging array, with the exposure time varying in response to 
the amount of time it takes for the light exposure, measurement 
circuitry 451 to reach the threshold voltage level. The 
exposure delay period 490a, 490b, 490c,... is determined anew 
for each readout period iteration, and is applied to each of 
the pixels read out during a given readout period 480a, 480b, 
480c... (which will generally be all of the pixels). As can 
be seen in Fig. 18, the longer the time it takes the light 
exposure measurement circuit 451 to charge, the shorter the 
exposure delay period to be applied to the pixel reset 
signals, which . thereby allows more time for the pixels to 
receive light. Conversely, the shorter the time it takes the 
light exposure measurement circuit 451 to charge, the longer 
the exposure delay period to be applied to the pixel reset 
signals, which thereby provides less time for the pixels to 
receive light . 

As noted, the same exposure delay period 490a, 490b, 
490c, .... is preferably added to each pixel reset signal in a 
given readout. Thus, for example, all of the pixels which are 
to be .read out during readout period 480b will be extended by 
exposure delay period 4 90a, all of the pixels which are to be 
read out during readout period 480c will be extended by 
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exposure delay period 4 90b, and so on. Because the same 
exposure delay period 490 is preferably added to each pixel in 
a given readout period, and each pixel has a separate select 
signal and a separate reset signal, the exposure delay period 
is captured and stored using digital circuitry (such as 
exposure delay period calculator 455) rather than being 
utilized, for example, in an analog feedback loop that 
dynamically adjusts the reset signals. Alternative circuitry 
may be employed for this same function, such as, for example, 
an analog or digital exposure time measuring means utilizing a 
delay line with multiple taps, one tap for each pixel signal. 

Figure 19 is .a diagram of an alternative circuit 
arrangement serving a similar function to that of Fig. 17. In' 
Fig. 19, an adaptive exposure control circuit 550 comprises a 
. light exposure measurement circuit- 552, similar to the circuit 
shown in Fig. 15.. The light exposure measurement • circuit 552 
receives a clear signal 554 from an oscillator 553, and 
outputs a shutter signal 556 to a serial-input shift register 
558. Shift register 558 is clocked by clock signal 565, which 
is output from clock generator 565. Serial shift register 558 
has a plurality of output reset signals 561a-n, one for each 
pixel site circuit. The reset signals 561a-n are connected to 
an imaging array 562, which produces a video output signal . 
567. 

In operation, the oscillator 553 generates a clear signal 
.554 which preferably comprises a square wave of period T 
(corresponding to a fixed read-time cycle) with a relatively 
short duty cycle. A brief pulse 553 clears the exposure 
element (i.e.,. the photo-detector) of the light exposure . 
measurement circuit 552 at the start of each exposure cycle. 
The light exposure measurement circuit 552 generates a shutter ' 
signal 556 in a manner similar to that shown in Fig. 15. When 
the shutter signal 556 switches states (in response, for 
example, to the photo-detector voltage exceeding a threshold 
voltage level) , the change in the shutter signal 556 
propagates down shift register 558 at a speed regulated by the 
clock signal 565. As the switch in signal states of the 
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shutter signal 556 reaches each stage 561 of the shift 
register 558, it activates the corresponding one of reset 
signals 560a-n. Reset signals 560a-n are thereby sequentially 
activated, and remain so until the shutter signal 556 is reset 
in response to the clear signal 554 output from oscillator 
553. 

The effect of the Fig. 19 circuit is to achieve a 
variable duty-cycle exposure control signal for each pixel, 
tied to the output of light exposure measurement circuit 552, 
with a fixed read cycle of period T. 

Comparing the operation of the timing arrangement of Fig. 
10 and 11 with that of Fig. 12, in general the timing . 
arrangement of Fig. 10 and 11 is preferred from the standpoint 
that it tends to minimize the time-to-read over a variety of 
different light levels, provided sufficient adjustments are 
made to the signal processing circuitry, as explained in more 
detail below.- The timing arrangement of Figs. 10 and 11 
correlates the read time to the received light level, 
shortening the read. time when received light is abundant, and 
lengthening the read time when received light is relatively 
scarce . 

The Fig. 12 timing arrangement, on the other hand, uses a 
constant read-out time period, and adjusts the exposure time 
by adjusting the duty cycle of the reset signal of each pixel. 
The Fig. 12 timing arrangement therefore generally provides a 
constant read-out time period that is fixed according to the 
worst-case ambient light condition, in which case the time it 
would take for the light exposure measurement circuit 451 to 
reach the threshold voltage level would be at a maximum. In 
strong lighting conditions, the exposure time of the pixels . 
may be short, but the readout, time will remain the same as for 
the worst-case lighting conditions, therefore causing some 
loss of reading speed efficiency. However, the Fig. 12 timing 
arrangement generally provides a constant output data rate, 
which simplifies decoding. This effect may be advantageous 
where limitations on decoder speed exist, such as where an 
external decoder (such as certain types of remotely located 
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decoders to which a multiplicity of optical readers are 
connected) is being used for receiving and decoding the raw 
output data (such as, e.g., raw bar/space signal data). 

In implementation, the light exposure measurement 
circuitry and related exposure time control circuitry (such as 
that shown in Fig. 17, for example) preferably resides on the 
same chip substrate as the imaging array 102 and selected 
other* circuitry . In particular, such circuitry preferably is 
incorporated as part of the circuitry of shutter time 
controller 121. In. the case where the timing arrangement of 
Figs. 10 and 11 is used, shutter time controller 121 connects 
to clock generator 122 which adjusts the frequency of the * 
appropriate clocks and control signals in response to the 
measured light level. The clock generator 122 connects to the 
address generator/decode logic block 123, which controls the 
charge time and readout rate of the pixels of the imaging 
array 102 . 

For the Fig. 12 timing arrangement, signal processing of.: 
the output of the imaging array 102 (see Fig. 1) may be 
carried out using signal processing circuitry having constant 
time-domain response characteristics in order to provide 
constant spatial bandwidth. Many conventional fixed- response 
analog or digital signal processing systems can be employed or 
adapted for use with the Fig. 12 timing arrangement. 

If the timing arrangement of Figs. 10 and 11 is used,, on 
the other hand, conventional signal processing methods are • 
likely to be inappropriate because the data rate from the 
output of the imaging array 102 will generally vary with the 
level of received light, while the time domain response of the 
signal processing circuitry remains constant. Using 
conventional signal processing circuitry with a static time 
domain response would tend to cause the spatial bandwidth 
(qualitatively, the smallest feature size on the target passed 
by the signal processor) to vary with light level. Because 
bar code minimum feature sizes are often chosen to be just 
large enough to allow them to be clearly distinguished from... 
particulate features of the base medium and/or the ink, it is 
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generally desirable to keep the spatial bandwidth as close to 
constant as possible. For this reason, a preferred signal 
processor used with the variable frequency timing arrangement 
of Figs. 10 and 11 is constructed so as to vary its time 
domain response in proportion to the imaging array data clock, 
in such a way that the spatial response is invariant. 

A preferred signal processor comprises a filter such as a 
synchronous digital filter having a finite-impulse response 
(FIR) or infinite -impulse response (IIR) , a synchronous 
transversal analog filter using clocked bucket -brigade delay 
lines (generally based on CCD or sample-and-hold techniques), 
.or a switched-capacitor filter, each of which can be 
configured to provide invariant, time domain- response by using 
the same adjusted- frequency clock signal as used to access and 
readout, the pixels of the imaging array 102. 

Synchronous delay- line differentiators may also be used 
in the signal processing, in which the derivative or 
derivatives used for peak detection are derived from the 
difference between the current pixel amplitude and that of its 
adjacent neighbor (s) . Delay-line based differentiators are 
further described in, for example, U.S. Patent No. 5,463,211, . 
incorporated herein by reference as if set forth fully herein. 
Similarly, peak detectors whose time-domain attack and decay 
characteristics vary according to an input data clock rate can 
be utilized in the signal processing circuity and implemented 
in a straightforward manner by those skilled in the. art. An 
advantage of combining the variable frequency imaging array 
(such as described, for example, with respect to the timing 
diagrams of Figs. 10 and 11) and synchronous signal processor 
is that the time between image capture and successful decode 
is minimized over a large range of light levels. 

Using a CMOS process, both the adaptive exposure control 
pixel of Fig. 15 and the adaptive exposure control loop 
circuitry described above, as well as the signal processing 
circuitry if desired, could be implemented on the same • 
substrate as the imaging array 102. The adaptive exposure 
control loop circuitry can be designed to consume very little 
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power, allowing it to be enabled constantly. Another 
advantage of this adaptive exposure control loop is that the 
exposure time may, during a test read period, be nearly 
optimally set before the user enables the bar code reader, 
reducing considerably the time required to read the bar code. 
For example, a bar code reader can sample the ambient light 
when the bar code reader is. not in use (i.e., not triggered by 
the user) , and can use the sample light readings to set the 
exposure time prior to triggering. 

While the above -described systems apply to single-line 
optical readers and to multiple-line optical readers in which 
the lines do not intersect, different approaches may be 
necessary where intersecting lines of pixels are used since 
the pixels at the intersections need to be read more. than 
once. Examples of optical readers having potentially 
intersecting lines of pixels are those shown, for example, in . 
Figs. 3, 4 and 5. One approach to address the problem of 
having to read the same pixel multiple times is that, under 
high level light conditions, each line of pixels may be ■ ■ , ■ 
exposed and read out before processing the next line of 
pixels. This approach, however, is somewhat unsatisfactory in 
that it results in slower performance at low light levels, as 
the generally time-consuming exposure process must be done 
separately, in serial, for each line of pixels. It is . 
therefore preferred to allow exposure of all of the lines of 
pixels to occur simultaneously. 

. A pixel design which provides for non-destructive readout 
and simultaneous exposure of multiple lines of pixels is shown 
in Figs. 13- and 14. Figure 14 depicts a circuit schematic of 
the pixel site circuit 300, while Fig. 13 depicts a schematic 
of the pixel site circuit including representation the charge 
stored in MOSFET Ql" using a potential graph 315. 

In Figs. 13 and 14, a set of common signals is provided 
to each of the pixels of an imaging array (such as imaging 
array 102 of Fig. 1) . Thus, a voltage source (VDD) signal 
301, a reset signal 302, a read out gate (ROG) signal 303, a 
shutter signal 304, and an output bus line 312 are common for 
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all pixels of the imaging array. A separate select signal 313 
is unique to each pixel . 

In operation of the pixel circuit of Figs. 13-14, free 
electrons generated at an extended photogate 3 07 of MOSFET Q5" 
are drained by activating the shutter gate 306, using shutter 
signal 304, until exposure of the pixel is to begin. At such 
a time, the shutter gate 306 (i.e., the gate of MOSFET Q6" 
shown in Fig.- 14) closes and the photogate 3 07 begins to 
accumulate charge. To end the exposure of the pixels, the 
read out gate 308 (i.e., the gate of MOSFET Q4" shown in Fig. 
14) is enabled by asserting the read out signal 3 03. The read 
out gate 308 then passes the accumulated charge to the storage 
region 320 under the output source follower gate 309 (i.e., 
the gate of MOSFET Ql") . This charge remains in the storage 
region 320 while the pixel is selected (by asserting select 
signal 313 associated with the particular pixel to be 
accessed), as many. times as is necessary to read out the 
charge information for each pixel line in which the particular 
pixel is a member in the total pattern of pixels. The source 
follower MOSFET Ql" is connected to the output bus line 312 
through the select MOSFET Q2" when the select signal 313 is 
asserted, thereby allowing reading of the accumulated charge 
(i.e., voltage) level. 

Two options for resetting the pixel circuits 3 00 of the 
imaging array are then possible. The first option is. to reset 
all pixels simultaneously by asserting the common reset signal 
3 02 after the entire image has been read. This approach is 
the simpler of the two, because only- a single reset line 302 
is needed for all pixels of the imaging array. Alternatively, 
each pixel may be independently reset immediately after the 
last read by activating that pixel's reset signal 302,. so as 
to allow the reset level to be subtracted from the signal 
level (as explained previously, for example, with respect to 
Fig.. 9) . This second option provides much- reduced fixed \ 
pattern noise, at the expense of a separate reset signal 302 ■ 
line for each pixel. 
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Figure 20 is a diagram of portions of a preferred optical 
reader including condensed CMOS circuitry. The preferred 
optical reader 600 of Fig. 20 comprises a printed circuit 
board 605 upon which is mounted a CMOS chip 606 that includes 
integrated CMOS circuitry. The integrated CMOS circuitry 
includes an imaging array 607 (having a pattern, for example, 
such as any of those shown in Figs. 2 through 5, or otherwise) 
and miscellaneous CMOS circuitry 608. The miscellaneous CMOS 
circuitry 608 may comprise one or more of an exposure control 
circuit, signal processing circuitry, and decoding circuitry, 
as previously described herein. The preferred optical reader 
600 of Fig. 20 further comprises a lens 601 that collects 
light reflected from a symbol (e.g., bar code label) 611 and \ 
focuses the collected light onto the imaging array 607. 

It may be noted that while various embodiments described 
herein depict individually addressable pixels, it will be 
appreciated by those skilled in the art that straightforward • 
modifications may be made to allow addressability of selected . 
groups of pixels as well. 

An optical reader design comprising a single-chip optical 
reading circuitry with integrated circuit topologies 
implemented. in CMOS may provide a number of advantages over 
other optical readers such as CCD-based optical readers and 
flying spot laser scanners. First, a single-chip CMOS optical', 
reader may provide lower cost of manufacture 1 due in part to 
the fact that conventional CMOS processing is very highly 
developed and common yet. simpler and less affected by silicon 
defects than processes used for CCDs. Further, additional 
necessary support functions may be integrated on the same CMOS 
chip, reducing their cost as well and lowering the overall 
system cost. Another advantage. is smaller size, again 
resulting from the integration of imaging related circuitry. 
For example, a complete optical reader may be constructed from 
the Fig. 1 single-chip CMOS circuit, a lens (such as a single- 
zoned or a multi-zoned focusing lens), and a relatively few 
external passive components. Another advantage of the device 
is higher expected reliability, due to the reduced number of 
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external interconnections. Finally, such a device could 
achieve substantially lower power consumption than, for 
example, a CCD chip, which consumes most of its power in its 
clock drivers which are required. to simultaneously drive a 
gate at every pixel site- -a significant capacitive load. The 
CMOS imaging array (such as shown in Fig. 16, for example), on 
the other hand, has individual addressing of pixels. 

A potential disadvantage, if any, of CMOS imaging 
circuitry is that the pixel site circuitry can occupy a 
significant (though decreasing as processing improves) amount 
of area, leading to lower fill factors, larger pixel pitch and 
ultimately low resolution (since cost is directly related to 
silicon area) . These potential disadvantages are less 
apparent in one -dimensional (i.e., linear) imaging arrays 
configured for reading a one -dimensional code (such as shown, 
for example, in Fig. 2) . Linear CMOS arrays can have small 
pixel pitch, and may further have fill factors approaching 
100% by locating the pixel access circuitry along the side of , 
the pixels, between lines. Remaining silicon area between 
lines in these embodiments may be used for other support 
circuitry. Improved collection efficiency and tolerance of 
target edge disfiguration can be realized in a linear array by 
using long rectangular pixels, with the long axis orthogonal 
to the imaging line. 

Moreover, for CMOS imaging arrays having two-dimensional 
patterns, good multi-directional patterns can be created using 
only a relatively small amount of the total two-dimensional 
space (see, e.g., Figs. 3-5). The space between the pixels in 
such two-dimensional patterns may be used to locate the pixel - 
site circuitry needed to support the individual pixel 
addressability (including non-destructive read-out capability, 
if desired) , thereby allowing the total area of the CMOS 
imaging array to be at least as. small as a two-dimensional CCD 
array. 

Compared to . flying-spot laser scanners or other laser- 
based scanning products, several more advantages may be 
realized by a condensed CMOS circuitry optical reader as 
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described in its various embodiments herein. For example, the 
CMOS optical reader may exhibit higher reliability while 
consuming less power and having lower cost, since no moving 
parts (i.e., a dithering mirror , rotating facet wheel, etc.) 
are necessary for scanning a laser beam, and because the laser 
is eliminated. Also, the CMOS optical reader may be less 
expensive and simpler in some aspects because the need for a 
heat-sinking mechanism may be eliminated, and the need for 
laser drive circuitry, diagnostic/safety-related hardware, 
beam- forming lens, aperture, and associated mounting apparatus 
may also be also alleviated. 

While preferred embodiments are disclosed herein, 
many variations are possible which remain within the concept 
and scope of the invention. Such variations would become 
clear to one of ordinary skill in the art after inspection of 
the specification and drawings herein. The invention 
therefore is not to be restricted except within the, spirit and 
scope of any. appended claims. 
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CLAIMS 

What is claimed is: 

1. An optical reader comprising: 
a common output bus; 

an imaging array comprising a plurality of pixels, 
each pixel connected to said common output bus and comprising 
a photo-sensitive element and a pixel circuit connected to 
said photo- sensitive element; 

a plurality of pixel select signals connected to 
said pixels, for selecting a pixel to be read; and 

an address generator having a plurality of output 
lines connected to said pixels, said address generator 1 
providing individual access to said pixels. 

2. The optical reader of claim 1 wherein said 
imaging array is fabricated using a CMOS process. 

3. The optical reader of claim 1 wherein said 
imaging array and address generator are located on the same 
chip substrate. 

4. The optical reader of claim 3 wherein said 
optical reader further comprises a low pass filter and an edge 
detector located on said chip substrate. 

- 5 . The optical reader- of claim 4 wherein said 
optical reader further comprises a symbology decoder connected 
to said edge detector and located on said chip substrate. . 

6 . The optical reader of claim 1 further 
comprising an adaptive exposure control circuit. 

7. The optical reader of claim 6 wherein said 
adaptive exposure control circuit comprises at least one 
stand-alone photo- sensitive detector not used in said image 
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array, said stand-alone photo-sensitive detector connected to 
a comparator. 

8. The optical reader of claim 1 wherein each 
pixel is connected to a reset signal, for clearing each pixel 
after being read. 

9'. . An integrated optical reader circuit 
comprising: 

an imaging array fabricated using a CMOS process and 
located on a CMOS chip having a chip substrate, said imaging 
array comprising a plurality of randomly accessible pixels; 

an imaging array output signal connected to said 
imaging array; and 

a signal processing circuit connected to said 
imaging array output signal, said signal processing circuit 
fabricated using a CMOS process and located on. said CMOS chip. 

10. The integrated optical reader circuit of claim 
9 wherein said signal processing circuit comprises an 
amplifier connected to said imaging array output signal, a low : 
pass filter connected to said amplifier, and an edge detector 
connected to said low pass filter. 

11. The integrated optical reader of claim 9 
further comprising an address generator whereby pixels may be 
individually accessed, said address generator fabricated using 
a CMOS process and located on said CMOS chip. 

12. The integrated optical reader of claim 9 
further comprising an adaptive exposure control circuit for 
adjusting an exposure time of said pixels, said adaptive 
exposure control circuit fabricated using a CMOS process and 
located on said CMOS chip. 

13. The integrated optical reader of claim 12 
further comprising a clock generator connected to said 
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adaptive exposure control circuit, said clock generator 
adjusting a clocking frequency in response to an output of 
said adaptive exposure control circuit. 

14. The integrated optical reader of claim 12 
further comprising a means for regulating a duty cycle of 
pixel charge time based on an output of said adaptive exposure 
control circuit. 

15 . The integrated optical reader of claim 9 
further comprising a decoder connected to said signal 
processing circuit, said decoder fabricated using a CMOS 
process and located on said CMOS chip. 

16. The integrated optical reader of claim 9 
wherein said imaging array comprises a multi-dimensional 
pattern of pixels. 

17. An optical reader circuit comprising: 

an imaging array comprising a plurality of imaging, 
array pixels; • 

at least one exposure control pixel distinct from 
said plurality of imaging array pixels, whereby a level of 
ambient light is measured and an exposure control pixel 
voltage output signal in response thereto; 

a comparator having a first input connected to said 
at least one exposure control pixel, and a second input 
connected to a threshold signal, whereby said comparator, 
changes output states in response to said exposure control 
pixel voltage output signal exceeding said threshold signal; 
and • 

a clock generator responsive to said comparator for 
regulating an amount of exposure time of said imaging array 
pixels. 

18. The optical reader circuit of claim 17 wherein 
said clock generator regulates said amount of exposure time of 
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said imaging array pixels by adjusting a duty cycle of imaging 
array pixel charge time based on an amount of exposure time of 
said exposure control pixel. 

19. The optical reader circuit of claim 17 wherein 
said clock generator regulates said amount of exposure time of 
said imaging array pixels by adjusting a clock frequency of a 
readout clock connected to said imaging array, said readout 
clock also connected to a signal processing circuit receiving 
an output of said imaging array. 

20. The optical reader circuit of claim 17 wherein' 
said imaging array, exposure control pixel/ comparator, and 
clock generator are fabricated using a CMOS process and 
combined onto the same CMOS chip. 

21. The optical reader circuit of claim 20 further 
comprising a signal processing circuit connected to said 
imaging array and a decoder connected to said signal 
processing circuit, said signal processing circuit and said 
decoder combined onto said CMOS chip. 

22. An optical reader comprising 
a lens; 

an imaging array positioned so. as to receive light 
focused by said lens, said imaging, array having a pattern of 
individually accessible pixels. 

23. The optical reader of claim 22 wherein said 
pattern of pixels comprises a two-dimensional pattern. 

24. The optical reader of claim 23 wherein said 
two-dimensional pattern comprises a grid pattern. 

25. The optical reader of claim 23 wherein said . 
two-dimensional pattern comprises an asterisk pattern. 
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26. The optical reader of claim 23 wherein said 
two-dimensional pattern comprises at least two linear arrays 
of . pixels that overlap in at least one pixel, said at least 
one pixel capable of being read out in a non-destructive 
fashion. 
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